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Introduction

Piggery buildings
Dust is one of the major airborne pollutants associated with intensive livestock production and determines the quality of the environment within livestock buildings (Banhazi et aI., 2009a,b) .
The negative effects ofhigh concentration ofbioaerosol on human and animal health, as well as on animal welfare and productivity are well documented (Donham, 1991; Donham and Leininger, 1984; Donham et aI., 1984) . Suspended airborne particles can also absorb toxic and noxious g~ses as well as bacteria components and act as vectors for these pollutants (Donaldson, 1977) .
HIgh concentrations of airborne particles may contain bacterial toxins and appears to enhance both the prevalence and severity of respiratory diseases in pigs (Lee et ai., 2005) . concentration of airborne particles in buildings is therefore an important component of good management and can improve production efficiency and reduce the potentially harmful effects of long term exposure to humans (Donham et al., 1989) . Australian data also suggests that an average enterprise of 200-400 sows on a single site would release significant amounts of dust. bacteria, ammonia and endotoxins into the surrounding environment via emissions low-cost and practical techniQues, which will have the potential _Banhazi et al., 2008a) . Emissions generally, but especially dust related emi~~i"n from pig farms are now very reduced market access of individual piggery openltors reduction ofdust, ammonia and other pollutant emissions cost effectively, need to be investigated, developed and evaluated (Banhazi et ai., 2011; Takai and Pedersen, 2000) . Spraying the floor of pig sheds with a mixture of oil and water (Takai et ai., 1995) is a potentially beneficial technique.
Horse stables
Horses appear to be more sensitive to airborne particles than other species of livestock and high concentration of airborne pollutants in horse stables reportedly interfere with the health and athletic ability of these animals. Adequate air quality, including low airborne particle concentrations in stables is an important component of good horse husbandry (Blunden et al., 1994; Carpenter, 1986; Woods et al., 1993) . Horses are sensitive to airborne particles and a strong association has been demonstrated between airborne pollution and respiratory diseases in horses (Christley et al., 2000; Clarke and Madelin, 1987b) . Poorly managed horse stables with high airborne particle concentrations may affect the animals' respiratory health as well as the health of stable workers (Gruys et aI., 1994) . Horses in countries with colder climate are routinely stabled for a large part of the day so the maintenance of acceptable air quality becomes an important aspect of good stable management (Mathews and Arndt, 2003) . In addition, horses are kept in buildings for extended periods over many years and thus the length of exposure to airborne pollutants is significantly greater than for food animals (Clarke and Madelin, 1987b; Vandenput et al., 1998) . Therefore, appropriate airborne particle reduction methods have to be an integral part of routine stable management (Clarke and Madelin, 1987b; Dunlea and Dodd, 1997) .
I'
Poultry buildings
The present economic climate of poultry production forces producers to focus on improving efficiency. One of the important factors in achieving improved efficiency is the provision of an optimal building environment (Aerts et al., 2003) . Optimal environment encompasses good air I! nduding gas, particles and microbial concentrations as well as controlled temperature, and ventilation rates (Scott, 1984 ). An improvement in air Qualitv within
UUllUHl!';" should enhance production efficiencv and health of birds , source its characteristics would affect airborne particle concentrations \'-'d1111<1L1 the most likely factors, which can be controlled to achieve a reduction in the concentration airborne particles in poultry buildings, are the quality and characteristics ofthe bedding n1::lteri
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Study aims
The overall objective of this study was to evaluate the effects of oil spraying and oil impregnation primarily on the concentration of airborne particles inside livestock facilities, but the effects ofthe treatments on the concentration of other airborne pollutants were also investigated. In addition, a variety of airborne pollution abatement techniques were assessed in a horse facility. As a result of reduced internal concentration levels, marked reduction can also be achieved in pollutant emission, assuming the same level of ventilation. In turn, the environmental sustain ability of the farming operation can be improved. So to facilitate the wider adoption of particle reduction techniques, a series of experiments have been conducted in South Australia to evaluate the effects of different management strategies aimed at reducing airborne particle and other airborne pollutant concentrations in different livestock buildings.
Material and methods
Experimental design: piggery buildings
An automated oil spraying system was installed in a number of piggery buildings (Figure 14 .1). General design concepts of oil spraying systems have been published previously (Banhazi, 2005; Lemay et ai., 1999; Takai and Pedersen, 1999) , but a brief description of the system is given below. 
T. Banhazi
The actual spray system was assembled simply and cheaply from commercially available components. Important components of the system were; mixing drum with delivery main delivery pipes, secondary delivery pipes and spray heads. The main considerations when selecting spray heads were their ability to evenly distribute the mixture, area coverage, droplet size produced and pump pressure available. The spray system was positioned on the top of the pen walls by utiliSing a wire cable spanning between the pen walls. The main delivery pipes of the spray system were then attached to the wire cable using plastic 'cable-ties:
Air quality parameters were recorded for 25 days in two partially -slatted, mechanically ventilated weaner rooms housing 89 pigs (approximate mean live weight 18 kg) and for 10 days in two partially-slatted, naturally ventilated grower rooms housing 91 pigs (approximate mean live weight 42 kg). The floor of one of the rooms (experimental facility) was sprayed daily with a can ala oil, water and surfactant mixture at a 4:5: 1 ratio and at the rate of 3 g/pig (6.3 g/m2), using an automatic spraying system. The other room was not treated and served as a control Air aualitv parameters were measured throughout the trials.
Experimental design: horse buildings
In order to develop best practice management procedures, the effects of three different bedding material treatments on the resultant air quality were assessed during an experiment and compared to 'standard' sawdust bedding (control). The effects of: (1) sawdust impregnated with canola oil at the inclusion rate of approximately 7% (weight/weight); (2) straw bedding; and (3) 'horse-nappies' prevents the bedding material to be contaminated with faecal material) on the concentration of airborne particles inside four horse stables were studied, using 4x4 Latin Square experimental design over four weeks. The advantage of the Latin Square design is that it effectively controls for different sources of variation that may possibly increase experimental errors (Chen and Chen, 1999; Demidenko and Stukel, 2002; Tukey, 1997) . The boxes were cleaned between experiments to avoid any carryover effects from previous treatments. Each box received the treatment for a week and then the treatments were re-allocated randomly (Table 14 .1). on the same poultry farm were selected for the experiment and chopped straw was used as litter material fthe in both buildings. The bedding material in one of the buildings was treated with the oil/water fthe mixture, while the other building stocked at the same rate was used as control building. Male meat birds were placed in the buildings at the same time and were stocked at 15.9 birds/m2. The ated light program was a continuous ten hours dark period from 5 p.m. to 3 a.m. The incorporation two rate of oil was based on the results of the preliminary shaker-box trial (Banhazi et al., 2002) . The live of oil used represented approximately 7.5% of the weight of the bedding material. The ith a treatment was applied after the chopped straw was spread inside the buildings and before the sing birds were introduced. Canola oil, water and surfactant (emulsifier) were mixed in a drum at the ratio of 8:4: 1. The water was incorporated at a minimum rate to prevent excessive wetting of the litter, however some water was necessary to facilitate of the mixture. The high viscosity of the oil made it difficult to use any low-pressure spraying instrumentation for the delivery of the oil treatment. The mix was poured into a backpack-spraying unit containing 16litres of the mixture and sprayed directly onto the litter that was then raked to homogeneously spread the -~~~~ mix. t
Measurements oi~ a~ pies
I tion
Measurement locations ental Is for During the studies in the piggery buildings, the instruments were usually placed as close to 'hen, pig level as practically possible without allowing the pigs to interfere with the measurement ents instrumentation. In most bUildings, the sensors were attached by wire cable to the ceiling or a for a beam and were lowered to pig level (approximately 1.1-1.3 m) above the selected pens. During the trial in the horse facility, air quality and environmental parameters were recorded in the four naturally ventilated horse boxes hOUSing one horse each. The equipment was protected by a small wire cage that enabled the research team to place the monitoring instrumentation at the head level of the horses. During the study in the poultry building, again wire cages were positioned in the middle of both poultry buildings to protect the measuring devices, which were deployed Within these cages in both the experimental and control buildings. TIlis arrangement ensured that the concentrations of airborne pollutants and environmental parameters were measured at ent animal leveL t Temperature and humidity I ent Self-contained, battery-operated data-loggers with built-in sensors (Tinytalk-2, Hastings dust Dataloggers Pty. Ltd., Port Macquarie, Australia) were used to measure temperature and relative humidity both inside and outside of all buildings. The range of the temperature sensors was -45 DC to +75 DC, with a documented accuracy of ±0.5 DC at 25 DC. The humidity sensors had a range of 0% to 100%, with a documented accuracy of ±3% at 25°C,
The actual spray system was assembled simply and cheaply from commercially available components. Important components of the system were; mixing drum with delivery pump, main delivery pipes, secondary delivery pipes and spray heads. The main considerations when selecting spray heads were their ability to evenly distribute the mixture, area coverage, droplet size produced and pump pressure available. The spray system was positioned on the top of the III pen walls by utilising a wire cable spanning between the pen walls. The main delivery pipes of the spray system were then attached to the wire cable using plastic 'cable-ties:
Air quality parameters were recorded for 25 days in two partially-slatted, mechanically ventilated weaner rooms housing 89 pigs (approximate mean live weight 18 kg) and for 10 days in two partially-slatted, naturally ventilated grower rooms housing 91 pigs (approximate mean live weight 42 kg). The floor of one of the rooms (experimental facility) was sprayed daily with a canola oil, water and surfactant mixture at a 4:5:1 ratio and at the rate 00 g/pig (6.3 g/m2) , using an automatic spraying system. The other room was not treated and served as a control facility. Air quality parameters were measured throughout the trials.
Experimental design: horse buildings
In order to develop best practice management procedures, the effects of three different bedding material treatments on the resultant air quality were assessed during an experiment and compared to 'standard' sawdust bedding (control). The effects of: (1) sawdust impregnated with canola oil at the inclusion rate of approximately 7% (weight/weight); (2) straw bedding; and (3) 'horse-nappies' (that prevents the bedding material to be contaminated with faecal material) on the concentration of airborne particles inside four horse stables were studied, using 4x4 Latin Square experimental design over four weeks. The advantage of the Latin Square design is that it effectively controls for different sources of variation that may possibly increase experimental errors (Chen and Chen, 1999; Demidenko and Stukel, 2002; Tukey, 1997) . The boxes were cleaned between experiments to avoid any carryover effects from previous treatments. Each box received the treatment for a week and then the treatments were re-allocated randomly (table 14.1). 
Experimental design: poultry buildings
A classical comparative experiment was conducted at a South Australian poultry farm. Two identical and environmentally controlled broilerbuildings (approximate size of 370 m 2 ) on the same poultry farm were selected for the experiment and chopped straw was used as litter material in both buildings. The bedding material in one of the buildings was treated with the oil/water mixture, while the other building stocked at the same rate was used as control building. Male meat birds were placed in the buildings at the same time and were stocked at 15.9 birds/m2. The light program was a continuous ten hours dark period from 5 p.m. to 3 a.m. The incorporation rate of oil was based on the results of the preliminary shaker-box trial (Banhazi et ai., 2002) . The quantity of oil used represented approximately 7.5% of the weight of the bedding material. The treatment was applied after the chopped straw was spread inside the buildings and before the birds were introduced. Canola oil, water and surfactant (emulsifier) were mixed in a drum at the ratio of 8:4:1. The water was incorporated at a minimum rate to prevent excessive wetting of the litter, however some water was necessary to facilitate spraying of the mixture. The high viscosity of the oil made it difficult to use any low-pressure spraying instrumentation for the delivery of the oil treatment. The mix was poured into a backpack-spraying unit containing 16 litres of the mixture and sprayed directly onto the litter that was then raked to homogeneously spread the mix.
Measurements
Measurement locations
During the studies in the piggery buildings, the instruments were usually placed as close to pig level as practically possible without allowing the pigs to interfere with the measurement instrumentation. In most buildings, the sensors were attached by wire cable to the ceiling or a beam and were lowered to pig level (approximately 1.1-1.3 m) above the selected pens. During the trial in the horse facility, air quality and environmental parameters were recorded in the four naturally ventilated horse boxes housing one horse each. The equipment was protected by a small wire cage that enabled the research team to place the monitoring instrumentation at the head level of the horses. During the study in the poultry building, again wire cages were positioned in the middle of both poultry buildings to protect the measuring devices, which were deployed within these cages in both the experimental and control buildings. This arrangement ensured that the concentrations of airborne pollutants and environmental parameters were measured at animal level.
Temperature and humidity
Self-contained, battery-operated data-loggers with built-in sensors (Tinytalk-2, Hastings Dataloggers Pty. Ltd., Port Macquarie, Australia) were used to measure temperature and relative humidity both inside and outside of all buildings. The range of the temperature sensors was -45°C to +75 °c, with a documented accuracy of ±0.5 °C at 25°C. The humidity sensors had a range of 0% to 100%, with a documented accuracy of ±3% at 25°C. 
Il~
Airborne particles
Airborne particles concentration inside the buildings was measured utilising the standard gravimetric method, as described previously (Banhazi et al" 2008c) , Total inhalable and respirable particle concentrations were measured using GilAir air pumps (Gilian Instrument Corp., West Caldwell, NJ, USA) connected to cyclone filter heads (for respirable particles) and Seven Hole Sampler (SHS) filter heads (for inhalable dust) (Casella, Ltd" Kempston, UK) and operated over a 6 or 8-hour period at 1.9 and 2.0 IImin flow rate, respectively. After sampling, the filter heads were taken back to the laboratory and weighed to the nearest 0.001 mg using certified microbalances and then the inhalable and respirable dust levels were calculated. The filters were conditioned appropriately by being kept in the laboratory for approximately 24 h before and after deployment. Continuous dust monitoring equipment (OSIRIS light-scattering instrument, Turnkey Instruments, Ltd., Northwich, UK) was used in some buildings to collect dust distribution information (Figure 14 .2). The OSIRIS instruments were supplied with the factory calibration and were recalibrated annually by the supplier.
Gas measurements
Ammonia NH g and carbon dioxide CO 2 were monitored continuously using a multi gas monitoring machine in each building, as described preViously (Banhazi et al., 2008c) . Electrochemical (Bionics TX-FM/FN, Bionics Instrument Co., Tokyo, Japan) and infrared sensors (GMM12, Vaisala Oy, Helsinki, Finland) were used to detect the concentrations ofNH3 and CO 2 , respectively. The gas sensors were enclosed in a shock-resistant electrical box and an air delivery system was used to deliver air samples from the sampling points within and outside the buildings to the actual gas monitoring heads. Air was drawn at a nominal rate of 0.5-0.8 11 min from the sampling points and after each sampling point had been monitored for 15 min, the system was purged for 15 min with fresh air drawn from outside the buildings. The equipment was calibrated (using standard 50 mg/m 3 NH3 and 2,500 mg/m3 CO 2 calibration gases, Calgaz,
-"",' ~ 
. Measurement equipment used during the study included the OSIRIS particle monitoring equipment (left) and Anderson bacteria sampJer (right).
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Air Liquide Australia Ltd., Melbourne, Australia) as required. A filter was attached to the end of each intake tube to prevent the deposition of particles in the sampling line.
Bacteria measurements
Total viable airborne bacteria were measured using an Anderson viable six-stage bacterial impactor (Clarke and Madelin, 1987a) filled with horse blood agar plates (HBA, Medvet Science Ltd., Stepney, Australia). The airspace was sampled for five minutes at a flow rate of 1.9 l/min (Figure 14 .2). The bacteria plates were incubated for 48 h at 37°C and the number of colony forming units (cfu) were counted manually to express the concentration of airborne microorganisms as cfu/m 3 .
Statistical methods
A General Linear Model (GLM) was developed to determine the effects of the oil treatment on airborne pollutant concentrations, considering experimental effects and covariates such as internal humidity, air temperature, bedding temperature, CO 2 concentrations and age of birdsl animals (SAS, 1989; StatSoft, 2001) . Data collected previously in piggery buildings were re assessed, truncated and also reanalysed using GLM techniques to provide more reliable results (Banhazi, 2007) .
Results and discussion
Piggery buildings
The concentration of both inhalable and respirable airborne particles as well as airborne bacteria
II/
(only in weaner building) was significantly reduced in the experiment facilities (Table 14 .2 and Figure 14. 3). Only the experimental effect proved to be Significant; no other effects were identified by the statistical analysis to be Significantly influencing airborne pollutant levels in the control I and experimental rooms. 
Ii i !
Airborne particles
Airborne particles concentration inside the buildings was measured utilising the standard gravimetric method, as described previously (Banhazi et al., 200Sc) . Total inhalable and respirable particle concentrations were measured using GilAir air pumps (Gilian Instrument Corp., West Caldwell, NJ, USA) connected to cyclone filter heads (for respirable particles) and Seven Hole Sampler (SHS) filter heads (for inhalable dust) (Casella, Ltd., Kempston, UK) and operated over a 6 or S-hour period at 1.9 and 2.0 l/min flow rate, respectively. After sampling, the filter heads were taken back to the laboratory and weighed to the nearest 0.001 mg using certified microbalances and then the inhalable and respirable dust levels were calculated. The filters were conditioned appropriately by being kept in the laboratory for approximately 24 h before and after deployment. Continuous dust monitoring equipment (OSIRIS light-scattering instrument, Turnkey Instruments, Ltd., Northwich, UK) was used in some buildings to collect dust distribution information (Figure 14 .2). The OSIRIS instruments were supplied with the factory calibration and were recalibrated annually by the supplier.
Gas measurements
Ammonia NH3 and carbon dioxide CO 2 were monitored continuously using a multi gas monitoring machine in each building, as described previously (Banhazi et al., 200Sc) . Electrochemical (Bionics TX-FM/FN, Bionics Instrument Co., Tokyo, Japan) and infrared sensors (GMMI2, Vaisala Oy, Helsinki, Finland) were used to detect the concentrations ofNH3 and CO 2 , respectively. The gas sensors were enclosed in a shock-resistant electrical box and an air delivery system was used to deliver air samples from the sampling points within and outside the buildings to the actual gas monitoring heads. Air was drawn at a nominal rate of 0.5-0.S II min from the sampling points and after each sampling point had been monitored for 15 min, the system was purged for 15 min with fresh air drawn from outside the buildings. The equipment was calibrated (using standard 50 mg/m 3 NH3 and 2,500 mg/m 3 CO 2 calibration gases, Calgaz, 
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Bacteria measurements
Total viable airborne bacteria were measured using an Anderson viable six-stage bacterial impactor (Clarke and Madelin, 1987a) filled with horse blood agar plates (HBA, Medvet Science Pty. Ltd., Stepney, Australia). The airspace was sampled for five minutes at a flow rate of 1.9 lImin (Figure 14 .2). The bacteria plates were incubated for 48 h at 37 °C and the number of colony forming units (cfu) were counted manually to express the concentration of airborne microorganisms as cfu/m 3 .
Statistical methods
A General Linear Model (GLM) was developed to determine the effects of the oil treatment on airborne pollutant concentrations, considering experimental effects and covariates such as internal humidity, air temperature, bedding temperature, CO concentrations and age of birdsI 2 animals (SAS, 1989; StatSofi, 2001) . Data collected previously in piggery buildings were re assessed, truncated and also reanalysed using GLM techniques to provide more reliable results (Banhazi, 2007) .
Results and discussion
Piggery buildings
The concentration of both inhalable and respirable airborne particles as well as airborne bacteria (only in weaner building) was significantly reduced in the experiment facilities (Table 14 .2 and Figure 14 .3). Only the experimental effect proved to be Significant; no other effects were identified by the statistical analysis to be significantly influencing airborne pollutant levels in the control and experimental rooms. Measurement conducted using the OSIRIS optical particle counter demonstrated the visible dust reduction achieved in the experimental facilities (Figure 14.3) . Although the results provided by the OSIRIS equipment are generally not considered as precise as gravimetric measurements by some; these readings demonstrated the relative dust reduction achieved when dust concentrations in the control and experimental facilities were compared in real time.
Livestock housing
The experiment demonstrated a significant reduction in the concentrations of both inhalable and respirable airborne particles in the airspace following the direct spraying of an oil and water mixture onto the floor. This study confirmed previously published data (Takai et al., 1995) and the technique used in the experiment could be used by producers to effectively reduce dust levels in piggery building. However, further studies are needed to determine the long-term effects of frequent oil spraying on subsequent surface hygiene of pen floors. Overall, the technique is a safe and efficient dust reduction method and could be promoted to producers experiencing dust problems in their facilities. This study demonstrated that oil spraying have the potential of significantly reducing pollutant concentrations cost effectively (Takai et aI., 1995) . In fact, compared to other available dust reduction methods, oil spraying is expected to be one of the most efficient dust reduction strategie? currently available to pig producers (Pedersen et aI., 2001 ).
Horse building
Temperature and the concentration of carbon dioxide did not vary significantly throughout the experiment but there was a statistically significant (P=0.006) reduction in the concentration of
288
14. Controlling the concentrations of airborne pollutants inhalable particles (Table 14. 3). On average, inhalable particle concentrations were the highest for the 'straw' followed by the 'control' treatments. The 'nappy' and 'oil' treatments gave the lowest concentrations of inhalable particles and the difference between these two treatments was not significant.
Respirable particle concentrations were also positively affected by the treatment, but only in interaction with the 'day' effects (Figure 14 .4).
The interaction was mainly influenced by the readings from the first day of the weekly measurements. On the first day ofthe week (Monday) there was considerable variation between the treatments with the 'straw' treatment haVing the highest readings of respirable dust (Figure 14.4) . This variability or difference between treatments decreased over the subsequent measurement days. However, as an overall trend it can be seen from the graph that the highest concentrations of respirable particles were recorded for the 'straw' and 'control' treatments compared with 'nappy' 
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~_ ___________________------~--jll.-d and 'oil' treatments, The 'oil' treatment gave the lowest concentrations of respirable particles, compared to all other treatments (Table 14. 3).
Differences between relative humidity readings were also highly significant (P<O.OO 1), indicating that adjusting for this co-variate within the analysis was important (Figure 14 .5). Treatment and Day effects significantly interacted (P=O,04l) for this variable (Figure 14 .5), Relative humidity on average increased over the 5-day measurement period for 'oil' and 'control' treatments, but decreased for the 'nappy' treatment over the experimental days. This is likely to be due to the horse nappy preventing contamination of the bedding material with faecal matter, These results demonstrate a significant reduction in the concentrations ofinhalable and respirable airborne particles in horse boxes using either oil-impregnated bedding material or horse nappies can be achieved. These techniques would enable horse keepers to improve the environmental quality of horse stables at a relatively low cost (Banhazi and Woodward, 2007) , However, further studies are needed to determine the best method of incorporating oil into the bedding material, the minimum concentration ofoil necessary and the effects ofoily bedding material on the health and wellbeing of the animals.
Poultry buildings
14,6 show the mean concentrations of inhalable and respirable airborne particles in the treatment and control rooms. The oil treatment significantly (P<O.OOl) reduced the concentrations of both inhalable and respirable particles in the treatment room, which is consistent with the effect of oil treatment demonstrated in previous studies (Banhazi et al., 2011; Feddes et al., 1995) .
The age of birds also had a significant effect on inhalable particles concentration (P<0,05) but not on respirable particles, The inhalable particles concentration increased with the age of birds, which agreed with previous studies (Hinz and Linke, 1998; Madelin and Wathes, 1989) , The internal temperature significantly (P<O,05) affected the respirable particles concentration although it was not statistically significant for the inhalable particles concentration. A significant reduction in ammonia concentration (P<O.OOl) was also demonstrated in the treatment room. Figure 14 .7 shows the mean ammonia concentration in control and trial rooms. A reduction of ammonia concentrations with the same type of oil treatment was reported in piggery buildings (Jacobson et ai., 1998) . However, the effect of the oil treatment on ammonia was not demonstrated in previous studies in poultry buildings (Feddes et ai., 1995) . One possible explanation for the positive effect demonstrated in this study is that the oil treatment might interfere with the bacterial flora in bedding responsible for ammonia generation from nitrogenous compounds, thus decreaSing the ability of bacteria to generate ammonia (Banhazi et ai., 2007) .
Despite the fact that the reduction of ammonia concentrations has not been fully explained, this finding was an important result because high ammonia levels are not advantageous for poultry production. 
Conclusions
Overall, these studies have demonstrated that airborne particle (and potentially ammonia) concentrations can be significantly reduced in livestock buildings by either impregnating the bedding material with a relatively small amount of oil, or by directly spaying oil on the floor of the farm buildings.
However, oil application has to be made more practical via associated engineering developments, as the experimentally used manual spraying and raking (applied in the poultry and horse facilities) is not practical under commercial conditions. In the future the oil should be directly incorporated into the bedding material before spreading. The spreading of the bedding material is normally associated with high airborne particle concentrations and the reduction of airborne particles during that time is most likely to have beneficial effect on worker safety and respiratory health.
In addition, the reduction of particle levels indoors will also reduce particle emissions, assuming constant ventilation rates. The future adoption of particle reduction strategies in the intensive livestock industries is important, due to the increasing environmental and occupational health and safety requirements. The oil application methods, utilised during these experiments, appeared to be useful and practical. However, further experiments are needed to assess the potentially beneficial effects of particle reduction on production efficiency that will further encourage producers to utilise these techniques.
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